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(67)  Toreduce a load of lighting control and control
the temperature of a fixing roller to be kept uniform.

When a warm-up operation is started by power-on
of an image forming apparatus (S10), a control unit set
a series lighting mode (S11) . After lapse of a predeter-
mined period of time, the control unit switches the lighting
mode to a parallel lighting mode (S12). After that, when
the measured temperature of end portions of a heating
roller is equal to or lower than a reference temperature,
the control unit sets the lighting mode to an end heat up
mode (S16), and subjects an end heater to full-lighting
control and subjects a flat heater to lighting control in a
duty pattern at a duty ratio between 33. 33% and 80%
(S17). Meanwhile, when the measured temperature of
the end portions of the heating roller exceeds the refer-
ence temperature, the control unit sets the lighting mode
to a flat mode (S18), and subjects the flat heater to full-
lighting control and subjects the end heater to lighting
control in a duty pattern at a duty ratio between 33.33%
and 80% (S19).

Fixing device and image forming apparatus

START WARM-UP
]

|

SETTO SERIES LIGHTING MODE FOR SERIES
LIGHTING OF FLAT HEATER AND END HEATER

HAS PREDETERMINED

PERIOD OF TIME ELAPSED?
YES

CHANGE TO PARALLEL LIGHTING MODE FOR
PARALLEL LIGHTING OF FLAT HEATER AND END HEATER

ISIT TIMING FOR
CHANGING DUTY PATTERN?

ISEND TEMPERATURE
EQUAL TO OR LOWER THAN SPECIFIC
TEMPERATURE?

S10
4

FIG. 23

MEASURED TEMPERATURE OF CENTRAL PORTION
OF FIXING ROLLER AND TARGET TEMPERATURE

YES S16 518
[ SET TO END HEAT UP MODE Il SETTO FLAT MODE |
i S17 1 519
CALCULATE DUTY PATTERN FOR END UP MODE FROM| [ CALCULATE DUTY PATTERN FOR FLAT MODE FROM
MEASURED TEMPERATURE OF CENTRAL PORTION
OF FIXING ROLLER AND TARGET TEMPERATURE
I

YES

IS DUTY PATTERN FOR
FLAT HEATER TURNED ON?

823

s21
VEs 522
I

TURN ON FLAT HEATER

TURN OFF FLAT HEATER

1S DUTY PATTERN FOR
END HEATER TURNED ON?

YES S25

826

TURN ONEND HEATER

TURN OFF END HEATER

VES

Printed by Jouve, 75001 PARIS (FR)

X 27
1§ 08 COMPLETED?




10

15

20

25

30

35

40

45

50

55

EP 2 927 753 A1
Description
Background of the Invention
Field of the Invention
[0001] The present invention relates to a fixing device and an image forming apparatus.
Description of the Related Art

[0002] Conventionally, electrophotographic image forming apparatuses such as printers, photocopiers, and facsimiles
have been widely used. At an image forming apparatus of this type, an image is transferred from an image forming part
to paper conveyed from a paper feed part, and then the image is fixed to the paper by a fixing device. The fixing device
includes a heating roller with a plurality of heaters therein and a pressure roller to be brought into contact with the heating
roller under pressure. The heaters are halogen lamps, for example.

[0003] Inrecent years, there have been increasing demands for energy saving in image forming apparatuses. Thus,
to achieve energy saving in image forming apparatuses, the fixing device has been thinned at a core constituting the
fixing roller to reduce the heat capacity of the fixing part. However, when the fixing roller has the thinned core as described
above, the heat escapes from support members supporting the both end portions of the fixing roller, and the temperature
of the fixing roller tends to be lower at the end portions than at the central portion thereof. As a result, temperature
variations occur on the surface of the fixing roller to increase temperature ripples on the fixing roller.

[0004] To cope with these problems, for example, JP 2007-310254 A discloses an image forming apparatus that sets
the power ratio of a sub heater upon energization corresponding to the power ratio of a main heater, according to the
temperature of the end portions of the fixing roller detected by a second temperature detecting unit. In addition, JP
2013-148721 A discloses a fixing device that, in the case of feeding small-sized paper, causes a sub heater to start PID
temperature control, and decides the initial lighting ratio at the start of the PID temperature control by the sub heater
according to the difference between the temperature detected by each temperature detecting unit at the start of the
control and the target paper-feed temperature for printing jobs.

[0005] However, the fixing devices described in JP 2007-310254 A and JP 2013-148721 A have problems described
below. Specifically, at the image forming apparatus disclosed in JP 2007-310254 A, both the main heater and the sub
heater are subjected to lighting control in half-wave on/off patterns. However, the lighting control is not conducted in the
on/off patterns at the optimum duty ratios, and thus the temperature of the end portions of the fixing roller does not
increase, which brings about unevenness in the temperature of the entire fixing roller. In addition, the simultaneous duty
controls of the main heater and the sub heater lead to complicated operations. At the fixing device disclosed in JP
2013-148721 A, for feeding of small-sized paper, the main heater is turned off and the sub heater conducts the PID
temperature control, which causes problems such as temperature non-uniformity of the fixing roller and occurrence of
temperature ripples on the fixing roller.

Summary of the Invention

[0006] An object of the present invention is to provide a fixing device and an image forming apparatus that reduce a
load of lighting control and ensure uniform temperature of the fixing roller.

[0007] To achieve the abovementioned object, according to an aspect, a fixing device reflecting one aspect of the
present invention comprises: a roller that fixes an image onto paper; a plurality of heaters that is provided within the
roller and is configured to be different in distribution of heat supply amount along a longitudinal side of the roller; a
temperature detection unit that detects the temperature of the roller; and a control unit that performs lighting control on
the heaters in patterns of half-wave cycles of an alternating-current power source according to results of the detection
by the temperature detection unit, wherein, when the temperature detection unit detects that the temperature of the end
portions of the roller along the longitudinal side is lower than a preset reference temperature, the control unit performs
full-lighting control on the heater with the largest amount of heat supply to the end portions of the roller, out of the plurality
of heaters, and performs lighting control on the heater with the second largest amount of heat supply to the end portions
of the roller, out of the plurality of heaters, in a pattern at a predetermined duty ratio, or performs lighting control on the
heater with the largest amount of heat supply to the end portions of the roller, out of the plurality of heaters, in a pattern
at a predetermined duty ratio, and turns off the heater with the second largest amount of heat supply to the end portions
of the roller, out of the plurality of heaters.

[0008] To achieve the abovementioned object, according to an aspect, a fixing device reflecting one aspect of the
present invention comprises: a roller that fixes an image onto paper; a plurality of heaters that is provided within the
roller and is configured to be different in distribution of heat supply amount along a longitudinal side of the roller; a
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temperature detection unit that detects the temperature of the roller; and a control unit that performs lighting control on
the heaters in patterns of half-wave cycles of an alternating-current power source according to results of the detection
by the temperature detection unit, wherein, when the temperature detection unit detects that the temperature of the end
portions of the roller along the longitudinal side is higher than a preset reference temperature, the control unit performs
full-lighting control on the heater with the least amount of heat supply to the end portions of the roller, out of the plurality
of heaters, and performs lighting control on the heater with the second least amount of heat supply to the end portions
of the roller, out of the plurality of heaters, in a pattern at a predetermined duty ratio, or performs lighting control on the
heater with the least amount of heat supply to the end portions of the roller, out of the plurality of heaters, in a pattern
at a predetermined duty ratio, and turns off the heater with the second least amount of heat supply to the end portions
of the roller, out of the plurality of heaters.

[0009] The image forming apparatus according to an aspect of the present invention preferably includes an image
forming part that forms an image on paper, and the foregoing fixing device that fixes the image formed by the image
forming part onto the paper.

Brief Description of the Drawings

[0010] The above and other objects, advantages and features of the present invention will become more fully under-
stood from the detailed description given hereinbelow and the appended drawings which are given by way of illustration
only, and thus are not intended as a definition of the limits of the present invention, and wherein:

Fig. 1 is a diagram showing an exemplary configuration of an image forming apparatus according to a first embod-
iment;

Fig. 2 is a cross-sectional view showing an exemplary configuration of a fixing device (No. 1);

Fig. 3 is a cross-sectional view showing an exemplary configuration of the fixing device (No. 2);

Figs. 4A and 4B are diagrams showing distributions of heat supply amounts of heaters constituting the fixing device;
Fig. 5 is a block diagram showing an exemplary circuit configuration of the fixing device;

Figs. 6A to 6C are diagrams for describing series lighting, parallel lighting, and single lighting at the fixing device;
Figs. 7A and 7B are diagrams showing an exemplary arrangement of a duty pattern at a duty ratio of 100%;

Figs. 8A and 8B are diagrams showing an exemplary arrangement of a duty pattern at a duty ratio of 80%;

Figs. 9A and 9B are diagrams showing an exemplary arrangement of a duty pattern at a duty ratio of 71.43%;
Figs. 10A and 10B are diagrams showing an exemplary arrangement of a duty pattern at a duty ratio of 60%;
Figs. 11A and 11B are diagrams showing an exemplary arrangement of a duty pattern at a duty ratio of 55.56%;
Figs. 12A and 12B are diagrams showing an exemplary arrangement of a duty pattern at a duty ratio of 40%;
Figs. 13A and 13B are diagrams showing an exemplary arrangement of a duty pattern at a duty ratio of 33.33%;
Fig. 14 is a timing chart of lighting control of triacs in a flat mode;

Fig. 15is a diagram showing the relationship between the temperature of a heating roller and the time in the flat mode;
Figs. 16A to 16C are diagrams for describing duty patterns for heaters selected in the flat mode;

Fig. 17 is a timing chart of lighting control of triacs in an end heat up mode;

Fig. 18 is a diagram showing the relationship between the temperature of the heating roller and the time in the end
heat up mode;

Figs. 19A to 19C are diagrams for describing duty patterns for the heaters selected in the end heat up mode;

Fig. 20 is a diagram showing an exemplary configuration of a table storing duty patterns for heaters selected in the
flat mode;

Fig. 21 is a diagram showing an exemplary configuration of a table storing duty patterns for heaters selected in the
end heat up mode;

Fig. 22 is adiagram for describing a feedback control in the process of controlling the temperature of the heating roller;
Fig. 23 is a flowchart of exemplary operations by the image forming apparatus in a fixing process;

Fig. 24 is a cross-sectional view showing an exemplary configuration of a fixing device according to a second
embodiment;

Figs. 25A to 25C are diagrams showing distributions of heat supply amounts of heaters constituting a fixing device;
Fig. 26 is a block diagram showing an exemplary circuit configuration of the fixing device;

Figs. 27A and 27B are diagrams for describing lighting control at the fixing device in the flat mode;

Figs. 28A and 28B are diagrams for describing lighting control at the fixing device in the end mode;

Fig. 29 is a flowchart of exemplary operations by an image forming apparatus in a fixing process according to a third
embodiment;

Fig. 30 is a flowchart of exemplary operations by an image forming apparatus in a fixing process according to a
fourth embodiment;

Fig. 31 is a flowchart of exemplary operations by an image forming apparatus in a fixing process according to a fifth
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embodiment; and
Fig. 32 is a flowchart of exemplary operations by an image forming apparatus in a fixing process according to a
sixth embodiment.

Description of the Preferred Embodiments

[0011] Hereinafter, a preferred embodiment of the present invention will be described in detail with reference to the
drawings. However, the scope of the invention is not limited to the illustrated examples. In the specification and drawings,
the components having substantially similar functions and construction will be given the same reference numerals, and
thus descriptions thereof will be omitted.

<First Embodiment>
[Example of a Configuration of an Image forming apparatus]

[0012] First, an image forming apparatus 100 of a first embodiment will be described. Fig. 1 shows an example of a
configuration of the image forming apparatus 100 of the first embodiment. In relation to the embodiments of the present
invention, the conveying direction of paper P will be called paper conveying direction D1, and the direction orthogonal
to the paper conveying direction D1 will be called paper width direction D2.

[0013] As shown in Fig. 1, the image forming apparatus 100 is a so-called tandem image forming apparatus, which
includes an automatic document conveying part 80 and a device main body 102. The automatic document conveying
part 80 is mounted on the top of the device main body 102 and is configured to feed paper on a conveying stage by a
conveying roller and the like to an image reading part 90 of the device main body 102.

[0014] The device main body 102 has an operation display part 70, the image reading part 90, an image forming part
10, an intermediate transfer belt 8, a paper feed part 20, a resist roller pair 32, a fixing device 200A, an auto duolex unit
60 (hereinafter, referred to as ADU).

[0015] The operation display part 70 has a touch panel with a combination of a display part and an input part, and a
plurality of operation keys including a start key and a decision key around the touch panel. The operation display part
70 is configured to display a menu screen or the like on a screen or accept information such as image forming conditions
and fixing conditions entered through a touch operation or a press of an operation key on the menu screen.

[0016] The image reading part 90 is configured to scan and expose to light an original document placed on a platen
or conveyed from the automatic document conveying part 80, by an optical system of a scan/exposure device, and
subjects an image on the scanned original document to photoelectric conversion by a CCD (charge coupled devices)
image sensor to generate an image information signal. The image information signal is output to the image forming part
10 through analog processing, analog/digital (hereinafter, referred to as A/D) conversion, shading correction, image
compression, and the like.

[0017] The image forming part 10 is configured to form an image by electrophotography. The image forming part 10
has an image forming unit 10Y that forms an image in yellow (Y), an image forming unit 10M that forms an image in
magenta (M), an image forming unit 10C that forms an image in cyan (C), and an image forming unit 10K in black (K).
In this example, the codes Y, M, C, and K indicative of the corresponding colors are appended to the reference numerals
of the common functional components such as 10.

[0018] The image forming unit 10Y has a photoreceptor drum 1Y, and a charger 2Y, an exposure part (optical writing
part) 3Y, a developer 4Y, and a cleaning part 6Y, which are arranged around the photoreceptor drum 1Y. The image
forming unit 10M has a photoreceptor drum 1M, and a charger 2M, an exposure part 3M, a developer 4M, and a cleaning
part 6M, which are arranged around the photoreceptor drum 1M. The image forming unit 10C has a photoreceptor drum
1C, and a charger 2C, an exposure part 3C, a developer 4C, and a cleaning part 6C, which are arranged around the
photoreceptor drum 1C. The image forming unit 10K has a photoreceptor drum 1K, and a charger 2K, an exposure part
3K, a developer 4K, and a cleaning part 6K, which are arranged around the photoreceptor drum 1K.

[0019] The photoreceptor drums 1Y, 1M, 1C, 1K, the chargers 2Y, 2M, 2C, 2K, the exposure parts 3Y, 3M, 3C, 3K,
the developers 4Y, 4M, 4C, 4K, and the cleaning parts 6Y, 6M, 6C, and 6K of the image forming units 10Y, 10M, 10C,
and 10K are common in configuration, respectively. Hereinafter, unless otherwise required for discrimination, the fore-
going components will be described without the codes Y, M, C, or K.

[0020] The charger 2 electrically charges the surface of the photoreceptor drum 1 in an almost uniform manner. The
exposure part 3 is composed of an LPH (LED print head) with an LED array and an imaging lens and a polygon-mirror
laser exposure scanning device, for example, and scans the photoreceptor drum 1 by laser light according to an image
information signal to form an electrostatic latent image. The developer 4 develops by toner the electrostatic latent image
on the photoreceptor drum 1. Accordingly, a toner image is formed as a visible image on the photoreceptor drum 1.
[0021] The intermediate transfer belt 8 is extended by a plurality of rollers and is turnably supported by the plurality
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of rollers. As the intermediate transfer belt 8 turns, a primary transfer roller 7 and the photoreceptor drum 1 rotate. Then,
a predetermined voltage is applied between the primary transfer roller 7 and the photoreceptor drum 1 to transfer the
toner image from the photoreceptor drum 1 to the intermediate transfer belt 8 (primary transfer).

[0022] The paper feed part 20 has a plurality of paper feed trays 20A and 20B storing A3 or A4 paper P. The paper
P is conveyed from the paper feed trays 20A and 20B to conveying rollers 22, 24, 26, and 28, and then is conveyed to
a loop roller pair 30. The number of the paper feed trays is not limited to two. In addition, one or more large-capacity
paper feed devices accommodating a large amount of paper P may be coupled as necessary.

[0023] When being conveyed to the loop roller pair 30, the paper P abuts at its leading end against a resist roller pair
32. The resist roller pair 32 forms a loop in the abutted paper P and corrects a bent (for example, a skew) in the paper
P relative to the paper conveying direction D1. The paper P corrected in the bent is conveyed to a secondary transfer
roller 34 at a predetermined timing. The secondary transfer roller 34 transfers collectively the toner images in Y, M, C,
and K transferred to the intermediate transfer belt 8, to the surface of the paper P conveyed from the resist roller pair
32 (secondary transfer) . The paper P having undergone the secondary transfer is conveyed to the fixing device 200A
on the downstream side of the paper conveying direction D1.

[0024] The fixing device 200A performs a pressurization process and a heating process on the paper P to which the
toner images are transferred by the secondary transfer roller 34 to fix the toner images onto the surface of the paper P.
The fixing device 200A will be described later. A conveyance path switch unit 48 is provided on the downstream side of
the fixing device 200A along the paper conveying direction D1 to switch the conveyance path for the paper P to the
paper ejection path side or the ADU 60 side. The conveyance path switch unit 48 performs conveyance path switch
control depending on a selected print mode (single-side print mode, double-side print mode, or the like).

[0025] After completion of single-side printing in the single-side print mode or after completion of double-side printing
in the double-side print mode, the paper P is ejected by the paper ejection roller 46 onto the paper ejection tray. When
an image is to be formed on the back side of the paper P in the double-side print mode, the paper P with an image
formed on the front side is conveyed to the ADU 60 through the conveying roller 62 and the like. In a switch-back path
of the ADU 60, the paper P is conveyed from its trailing end to a U-turn path portion under reverse control by the ADU
roller 64. Then, the paper P turned upside down is fed again to the secondary transfer roller 34 by conveying rollers 66,
68, and the like at the U-turn path portion.

[Configuration Example of the Fixing Device]

[0026] Next, a schematic configuration example of the fixing device 200A will be described. Fig. 2 is a cross-sectional
view showing an exemplary configuration of the fixing device 200A as seen from the paper width direction D2. Fig. 3 is
a cross-sectional view showing an exemplary configuration of the fixing device 200A as seen from the paper conveying
direction D1. Fig. 4A is a diagram showing a distribution of heat supply amount of a flat heater 220. Fig. 4B is a diagram
showing a distribution of heat supply amount of an end heater 230.

[0027] As illustrated in Figs. 2 and 3, the fixing device 200A includes a heating roller (fixing roller) 202, a pressure
roller 204, a central temperature detection unit 222, and an end temperature detection unit 232. The heating roller 202
has a cylindrical core 202a and a functional layer 202b composed of a resin layer, an elastic layer, and the like covering
the outer periphery (surface) of the core 202a. In this example, the thinned core 202a is used to facilitate transfer of heat
from the flat heater 220 and the end heater 230 arranged inside the heating roller 202. The both end portions of the
heating roller 202 are supported by support members 206.

[0028] The flat heater 220 and the end heater 230 are composed of halogen heaters, for example, and are arranged
inside the core 202a of the heating roller 202. The flat heater 220 is arranged along the longitudinal side (axial direction)
of the heating roller 202 and is almost identical in length to the heating roller 202 along the longitudinal side. The flat
heater 220 is configured in such a manner that the distribution of heat supply amount is uniform (for example, 100%) in
the entire paper feed path including the central and end portions of the heating roller 202 along the longitudinal side, as
illustrated in Fig. 4A.

[0029] The end heater 230 is arranged along the longitudinal side of the heating roller 202 and is made almost identical
in length to the heating roller 202 along the longitudinal side. The end heater 230 is configured in such a manner that
the distributions of heat supply amount to the both longitudinal end portions of the heating roller 202 are the largest, as
illustrated in Fig. 4B. Specifically, the amount of heat supply to the central portion of the end heater 230 is configured
at 100%, and the amount of heat supply to the end portions of the end heater 230 is configured at 160% which is larger
by 60% than the amount of heat supply to the central portion. The end portions of the heating roller 202 include the
areas other than the paper feed path through which the paper P with a small size such as A4S passes, for example.
[0030] The pressure roller 204 has a cylindrical core 204a and a functional layer 204b composed of a resin layer, an
elastic layer, and the like covering the outer periphery (surface) of the core 204a. The pressure roller 204 is capable of
being brought into contact with the heating roller 202 under pressure.

[0031] The central temperature detection unit 222 is arranged in the vicinity of the central portion of the heating roller
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202 along the longitudinal side to detect the temperature of the central portion of the heating roller 202. The end tem-
perature detection unit 232 is arranged in the vicinity of one end portion of the heating roller 202 along the longitudinal
side to detect the temperature of the end portion of the heating roller 202. The central temperature detection unit 222
and the end temperature detection unit 232 may be thermistors, for example.

[Block Configuration Example of the Fixing Device]

[0032] Next, a circuit configuration of the fixing device 200A will be described. Fig. 5 shows an example of a circuit
configuration of the fixing device 200A. The fixing device 200A in an embodiment of the present invention is composed
of a series-parallel lighting circuit that subjects the flat heater 220 and the end heater 230 to series lighting, parallel
lighting, or single lighting.

[0033] Thefixing device 200A includes an alternating-current power source unit 210, the flat heater 220, the end heater
230, a control unit 250, triacs 260, 262, 264, and 266 as examples of switching elements, as illustrated in Fig. 5. The
triacs 262 and 266 are connected in parallel to a connection point P1 connected to the alternating-current power source
unit 210.

[0034] The flat heater 220 is connected at one end to the triac 266 and connected at the other end to a connection
point P3. The connection point P3 is provided between the flat heater 220 and the triac 260. The flat heater 220 is turned
on/off according to a half-wave duty pattern supplied from the control unit 250 through the triac 266 and the like.
[0035] The end heater 230 is connected at one end to a connection point P2 and connected at the other end to the
connection point P3. The connection point P2 is provided between the triac 262 and the triac 264. The end heater 230
is turned on/off according to a half-wave duty pattern provided from the control unit 250 through the triac 262 and the like.
[0036] The control unit 250 has a CPU (central processing unit) 252 that controls the entire operations of the fixing
device 200A, and a memory 254 such as a ROM (read only memory) or a RAM (random access memory). The CPU
252 executes software (programs) read from the memory 254 to control the components such as the fixing device 200A
of the image forming apparatus 100 and realize functions related to lighting control of the flat heater 220 and the end
heater 230.

[0037] In this example, the control unit 250 sets a flat mode and an end heat up mode for lighting control of the flat
heater 220 and the end heater 230 in the fixing process. The flat mode is intended to, when the temperature of the end
portions of the heating roller 202 exceeds a specific temperature (reference temperature), keep uniform the temperature
of the entire heating roller 202. The end heat up mode is intended to, when the temperature of the end portions of the
heating roller 202 is equal to or lower than the specific temperature (reference temperature), heat up the end portions
of the heating roller 202 preferentially to make uniform the temperature of the entire heating roller 202.

[0038] Next, descriptions will be given as to the case where the flat heater 220 and the end heater 230 are subjected
to series lighting, parallel lighting, or single lighting in the series-parallel circuit of the fixing device 200A described above.
Fig. 6A illustrates an example of a circuit configuration for series lighting of the flat heater 220 and the end heater 230.
In Figs. 6A to 6C, the flows of electric current (power) are indicated by dashed lines.

[0039] To subject the flat heater 220 and the end heater 230 to series lighting, the control unit 250 supplies a control
signal to the triacs 264 and 266 to turn on the flat heater 220 and the end heater 230, as illustrated in Fig. 6A. The circuit
configuration allows the flat heater 220 and the end heater 230 to be connected in series and subjected to the flat heater
220 and the end heater 230 to series lighting. For example, the circuit configuration can be used to prevent an inrush
current resulting from a large load change at the time of lighting of the fixing device 200A (at the time of lower-temperature
activation).

[0040] Fig. 6B illustrates an example of a circuit configuration for parallel lighting of the flat heater 220 and the end
heater 230. To subject the flat heater 220 and the end heater 230 to parallel lighting, the control unit 250 supplies a
control signal to the triacs 260, 262, and 266 to turn on the triacs 260, 262, and 266 as illustrated in Fig. 6B. The circuit
configuration allows the flat heater 220 and the end heater 230 to be connected in parallel and subjected to parallel lighting.
[0041] According to the circuit configuration, at least one of the flat heater 220 and the end heater 230 is subjected to
lighting control in a half-wave duty pattern corresponding to a predetermined duty ratio, which allows fine power control.
For example, the circuit configuration can be used to suppress temperature ripples, flickers, and the like in the fixing
process. The circuit configuration can also be used to keep uniform the temperature of the end heater 230 after having
reached the target temperature.

[0042] Fig. 6C illustrates an example of a circuit configuration for single lighting of the end heater 230. As illustrated
in Fig. 6C, the control unit 250 supplies a control signal to the triacs 260 and 262 to turn on the triacs 260 and 262. The
circuit configuration is for single lighting of the end heater 230 and allows the end heater 230 to be subjected to single
lighting. To subject the flat heater 220 to single lighting, the triacs 260 and 266 are turned on.

[0043] According to the circuit configuration, it is possible to subject the end heater 230 to lighting control in a half-
wave duty pattern corresponding to a predetermined duty ratio. This allows fine on/off control of the end heater 230. For
example, the circuit configuration can be used to keep uniform the temperature of the end heater 230 having reached
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the target temperature.
[Arrangement Examples of Duty Patterns]

[0044] Next, descriptions will be given as to arrangement examples of half-wave duty patterns that make it possible
to suppress influence of flicker. The half-wave duty patterns in the embodiment of the present invention have the following
common features. That is, each of the duty patterns is configured in such a manner that the flat heater 220 and others
are subjected to on/off control according to half waves of the alternating-current power source, the number of cycles is
an odd number that is triple or more integration multiple of the half-wave cycle, and on sections or off sections in smaller
in total number are all discontinuous in prescribed cycles.

[0045] Hereinafter, descriptions will be given as to specific arrangement examples of duty patterns at duty ratios 100%,
80%, 71.43%, 60%), 55.56%, 40%, and 33.33%. In the duty pattern at the duty ratio of 100%, all of the sections are on
sections and thus this pattern is not applicable to the arrangements described above, but is included in the following
description for explanatory purpose.

[0046] Fig. 7A illustrates a waveform of a half-wave duty pattern at a duty ratio of 100%, and Fig. 7B illustrates on/off
states in the duty pattern. In Fig. 7A, the solid waveforms indicate lighted (on) states and the void waveforms indicate
unlighted (off) states. The same thing is also applied to Figs. 8 to 13. As illustrated in Figs. 7A and 7B, all of the half-
waves are set to on state at a duty ratio of 100%.

[0047] Fig. 8A illustrates a waveform in a half-wave duty pattern at a duty ratio of 80%, and Fig. 8B illustrates on/off
states in the duty pattern. As illustrated in Figs. 8A and 8B, when the duty ratio is 80%, the number of cycles is an odd
number (five) that is triple or larger integration multiple of the half-wave cycle. The five half-waves are regarded as one
block and four of the five half-waves are set to on state. The waves of the off sections in smaller in total number are
arranged discontinuously so as not to be adjacent to each other.

[0048] Fig. 9A illustrates a waveform in a half-wave duty pattern at a duty ratio of 71.43%, and Fig. 9B illustrates on/off
states in the duty pattern. As illustrated in Figs. 9A and 9B, when the duty ratio is 71.43%, the number of cycles is an
odd number (seven) that is triple or larger integration multiple of the half-wave cycle. The seven half-waves are regarded
as one block and five of the seven half-waves are set to on state. The waves of the off sections in smaller in total number
are arranged discontinuously so as not to be adjacent to each other.

[0049] Fig. 10A illustrates a waveform in a half-wave duty pattern at a duty ratio of 60%, and Fig. 10B illustrates on/off
states in the duty pattern. As illustrated in Figs. 10A and 10B, when the duty ratio is 60%, the number of cycles is an
odd number (five) that is triple or larger integration multiple of the half-wave cycle. The five half-waves are regarded as
one block and three of the five half-waves are set to on state. The waves of the off sections in smaller in total number
are arranged discontinuously so as not to be adjacent to each other.

[0050] Fig. 11A illustrates a waveform in a half-wave duty pattern at a duty ratio of 55.56%, and Fig. 11B illustrates
on/off states in the duty pattern. Asillustrated in Figs. 11A and 11B, when the duty ratio is 55.56%, the number of cycles
is an odd number (nine) that is triple or larger integration multiple of the half-wave cycle. The nine half-waves are regarded
as one block and five of the nine half-waves are set to on state. The waves of the off sections in smaller in total number
are arranged discontinuously so as not to be adjacent to each other.

[0051] Fig. 12A illustrates a waveform in a half-wave duty pattern at a duty ratio of 40%, and Fig. 12B illustrates on/off
states in the duty pattern. As illustrated in Figs. 12A and 12B, when the duty ratio is 40%, the number of cycles is an
odd number (five) that is triple or larger integration multiple of the half-wave cycle. The five half-waves are regarded as
one block and two of the five half-waves are set to on state. The waves of the off sections in smaller in total number are
arranged discontinuously so as not to be adjacent to each other.

[0052] Fig. 13A illustrates a waveform in a half-wave duty pattern at a duty ratio of 33.33%, and Fig. 13B illustrates
on/off states in the duty pattern. Asillustrated in Figs. 13A and 13B, when the duty ratio is 33.33%, the number of cycles
is an odd number (three) that is triple or larger integration multiple of the half-wave cycle. The three half-waves are
regarded as one block and one of the three half-waves is set to on state. The waves of the off sections in smaller in total
number are arranged discontinuously so as not to be adjacent to each other.

[Example of a Timing Chart in the Flat Mode]

[0053] Next, descriptions will be given to as a timing chart of lighting control (on/off) of the triac 260 and others in the
flat mode. Fig. 14 is a diagram showing the timing chart of lighting control of the triac 260 and others in the flat mode.
Fig. 15 is a diagram showing the relationship between the temperature of the heating roller 202 and the time in the flat
mode. Figs. 16A, 16B, and 16C are diagrams for describing the duty patterns for the flat heater 220 and the end heater
230 selected in the flat mode.

[0054] As illustrated in Fig. 14, when a warm-up is started, for example, the triacs 260, 264, and 266 are turned on at
time t1. Accordingly, the flat heater 220 and the end heater 230 are subjected to series lighting. At that time, the flat
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heater 220 and others have been just turned on and thus the temperatures of the central portion and the end portions
of the heating roller 202 are an ambient temperature, as illustrated in Fig. 15.

[0055] At time t2, the triacs 264 and 266 are turned off. Accordingly, the flat heater 220 and the end heater 230 are
temporarily turned off.

[0056] At time t3, the triacs 262 and 266 are turned on. Accordingly, the flat heater 220 and the end heater 230 are
independently turned on (parallel lighting). Along with the parallel lighting, the temperatures of the central portion and
the end portions of the heating roller 202 gradually increase as illustrate in Fig. 15. At the time of start of the parallel
lighting, the flat heater 220 and the end heater 230 are turned on in the duty pattern of 100% as illustrated in Fig. 16A.
[0057] At time t4, since the flat mode is selected, the triac 262 is switched from 100% lighting to a duty control in the
duty pattern at a predetermined duty ratio. Accordingly, as illustrated in Fig. 16B, the flat heater 220 is fully turned on at
the duty ratio of 100%, and the end heater 230 is turned on or off in a duty pattern between 33.33% and 80%. Which of
the duty patterns to be selected depends on results of calculations under Pl control described later.

[0058] At time t5, when the temperature of the central portion of the heating roller 202 comes close to (or reaches) a
target temperature T1, the triac 262 is turned off and the triac 266 is switched to an on/off control in a duty pattern at a
predetermined duty ratio. Accordingly, as illustrated in Fig. 16C, the end heater 230 is turned off and the flat heater 220
is turned on in a duty pattern between 33.33% and 80%. At that time, as illustrated in Fig. 15, the end portions of the
heating roller 202 remains at a temperature slightly lower than that of the central portion of the heating roller 202.
[0059] Attime t5 and later, when the measured temperature of the central portion of the heating roller 202 falls below
the target temperature T1, the triac 266 is switched to an on/off control in the duty pattern at the duty ratio of 100% and
the heating roller 202 is subjected to temperature control. Similarly, when the temperature of the end portions of the
heating roller 202 falls below the target temperature T1, the triac 262 is turned on, the end heater 230 is switched from
the off state to the on/off control in the duty pattern at the duty ratio of 100%, and the heating roller 202 is subjected to
temperature control.

[Example of a Timing Chart in the End Heat Up Mode]

[0060] Next, descriptions will be given as to a timing chart of lighting control of the triac 260 and others in the end heat
up mode. Fig. 17 is a timing chart of lighting control of the triac 260 and others in the end heat up mode. Fig. 18 is a
diagram showing the relationship between the temperature of the heating roller 202 and the time in the end heat up
mode. Figs. 19A to 19C are diagrams for describing duty patterns for the flat heater 220 and the end heater 230 selected
in the end heat up mode.

[0061] As illustrated in Fig. 17, when a warm-up is started, for example, the triacs 260, 264, and 266 are turned on at
time t1. Accordingly, the flat heater 220 and the end heater 230 are subjected to series lighting. At that time, the flat
heater 220 and others have been just turned on and thus the temperatures of the central portion and the end portions
of the heating roller 202 are an ambient temperature, as illustrated in Fig. 18.

[0062] At time t2, the triacs 264 and 266 are turned off. Accordingly, the flat heater 220 and the end heater 230 are
temporarily turned off.

[0063] At time t3, the triacs 262 and 266 are turned on. Accordingly, the flat heater 220 and the end heater 230 are
independently turned on (parallel lighting). Along with the parallel lighting, the temperatures of the central portion and
the end portions of the heating roller 202 gradually increase as illustrate in Fig. 18. At the time of start of the parallel
lighting, the flat heater 220 and the end heater 230 are turned on in the duty pattern of 100% as illustrated in Fig. 19A.
[0064] At time t4, since the end heat up mode is selected, the triac 266 is switched from 100% lighting to an on/off
control in a duty pattern at a predetermined duty ratio. Accordingly, as illustrated in Fig. 19B, the flat heater 220 is turned
on/off in the duty pattern between 33.33% and 80%, and the end heater 230 is fully turned on at the duty ratio of 100%.
[0065] At time t5, when the temperature of the central portion of the heating roller 202 comes close to (or reaches) a
target temperature T1, the triac 266 is turned off and the triac 262 is switched to an on/off control in a duty pattern at a
predetermined duty ratio. Accordingly, as illustrated in Fig. 19C, the flat heater 220 is turned off and the end heater 230
is turned on in the duty pattern between 33.33% and 80%. At that time, the temperature of the end portions of the heating
roller 202 rapidly increases in the end heat up mode and is kept at a temperature close to the temperature of the central
portion of the heating roller 202 as illustrated in Fig. 18.

[0066] Attime t5 and later, when the measured temperature of the central portion of the heating roller 202 falls below
the target temperature T1, the triac 266 is switched to an on/off control in the duty pattern at the duty ratio of 100% and
the heating roller 202 is subjected to temperature control. Similarly, when the temperature of the end portions of the
heating roller 202 falls below the target temperature T1, the triac 262 is turned on, the flat heater 220 is switched from
the off state to the on/off control in the duty pattern at the duty ratio of 100%, and the heating roller 202 is subjected to
temperature control.
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[Configuration Example of a Table Storing Duty Patterns in the Flat Mode]

[0067] Next, descriptions will be given as to a table TB1 storing the duty patterns for the flat heater 220 and the end
heater 230 selected in the flat mode. Fig. 20 is a diagram showing an exemplary configuration of the table TB1 storing
duty patterns for the flat heater 220 and the end heater 230 selected in the flat mode. The power consumption of the
flat heater 220 is 1000W, and the power consumption of the end heater 230 is 800W.

[0068] As illustrated in Fig. 20, the table TB1 stores 15 patterns 1 to 15 as duty patterns selected in the flat mode. The
patterns 1 to 15 are each associated with the duty ratio (duty pattern) for the flat heater 220, the duty ratio (duty pattern)
for the end heater 230, and operation amount (Pl value) calculated under Pl control described later. In addition, the
patterns 1 to 15 may also be stored in association with the power consumption of each of the heaters and the total power
consumption of the heaters as illustrated in Fig. 20.

[0069] The patterns 1 to 7 are each configured by a combination of the duty pattern for lighting control of the flat heater
220 at the duty ratio of 100% and the duty pattern for lighting control of the end heater 230 at the duty ratio between
33.33% and 100%. The patterns 1 to 7 are selected for switching the lighting mode to the flat mode and the like, for example.
[0070] The patterns 8 to 15 are each configured with a combination of the duty pattern for lighting control of the flat
heater 220 at the duty ratio between 33.33% and 100% and the duty pattern for control of the end heater 230 at the duty
ratio of 0%, that is, for turning off the end heater 230. The patterns 8 to 15 are selected when the temperature of the
heating roller 202 has reached the target temperature T1, for example.

[Configuration Example of a Table Storing Duty Patterns in the End Heat Up Mode]

[0071] Next, descriptions will be given as to a table TB2 storing duty patterns for the flat heater 220 and the end heater
230 selected in the end heat up mode. Fig. 21 shows an example of a configuration of the table TB2 describing the duty
patterns for the flat heater 220 and the end heater 230 selected in the end heat up mode. The power consumption of
the flat heater 220 is 1000W, and the power consumption of the end heater 230 is 800W.

[0072] As illustrate in Fig. 21, the table TB2 stores 15 patterns 1 to 15 as duty patterns selected in the end heat up
mode. The patterns 1 to 15 are each associated with the duty ratio for the flat heater 220, the duty ratio for the end
heater 230, and the operation amount calculated under PI control described later. In addition, the patterns 1 to 15 may
be stored in association with the power consumption of each of the heaters and the total power consumption of the
heaters, as illustrated in Fig. 21.

[0073] The patterns 1 to 7 are each configured with a combination of the duty pattern for lighting control of the flat
heater 220 at the duty ratio between 33.33% and 100% and the duty pattern for lighting control of the end heater 230
at the duty ratio of 100%. The patterns 1 to 7 are selected for switching the lighting mode to the end heat up mode, for
example.

[0074] The patterns 8 to 15 are each configured with a combination of the duty pattern for lighting control of the flat
heater 220 at the duty ratio of 0%, that is, turning off the flat heater 220, and the duty pattern for control of the end heater
230 at the duty ratio between 33.33% and 100%. The patterns 8 to 15 are selected when the temperature of the heating
roller 202 has reached the target temperature T1, for example.

[Example of Feedback Control]

[0075] Next, descriptions will be given as to an example of feedback control in the case of subjecting the heating roller
202 to temperature control. Fig. 22 is a block diagram showing an example of a sequence of the feedback control in the
case of subjecting the heating roller 202 to temperature control.

[0076] As illustrated in Fig. 22, first, the target temperature of the central portion of the heating roller 202 is set. The
target temperature may be set by the user operation on the operation screen of the operation display part 70, for example.
The set target temperature is entered into the control unit 250 (addition part). In addition, the measured temperature of
the central portion of the heating roller 202 detected by the central temperature detection unit 222 is also entered into
the control unit 250.

[0077] The control unit 250 performs Pl control according to the entered target temperature and measured temperature
to calculate the operation amount (Pl value) for use in deciding the duty patterns for the flat heater 220 and the end
heater 230 under lighting control. The P control (proportion) is an operation for deciding output control according to the
difference between the target temperature and the measured temperature. The | control (integration) is an operation for
deciding output control according to the value of integration of the difference between the target temperature and the
measured temperature.

[0078] The operation amount can be calculated by the following equation (1):
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The operation amount (Duty) = Kp x difference + Ki x
cumulative value of differences

= Kp x (target temperature - measured temperature) + Ki
X (cumulative value of target temperature - measure
temperature) - (1)

wherein Kp represents proportional gain and Ki represents integral gain.

[0079] For example, when the target temperature is 185°C and the measured temperature is 175°C, the operation
amount is calculated by the foregoing equation (1) as follows:

[0080] The operation amount =65 X (185-175) + 2 X (185 - 175 + 10) = 690

[0081] Upon activation of the flat heater 220 and others, the difference initial value (difference_total) is set to 10, Kp
is set to 65, and Ki is set to 10.

[0082] The control unit 250 selects the duty patterns for the flat heater 220 and the end heater 230 under lighting
control according to the operation amount obtained by the calculation. Specifically, since the operation amount calculated
by the equation (1) is 690, the control unit 250 selects the pattern 1 from the table TB1 shown in Fig. 20, in the flat mode,
for example.

[0083] After selecting the duty patterns for the flat heater 220 and the end heater 230 under lighting control, the control
unit 250 subjects the triac 262 and others to switching control according to the selected duty patterns for temperature
control of the flat heater 220 and the end heater 230. Accordingly, the temperature of the central portion of the heating
roller 202 can be set to the target temperature.

[0084] In the foregoing example, the Pl control is used as feedback control. However, the feedback control is not
limited to this but may be PID control or the like.

[Example of Operations of the Fixing Device]

[0085] Next, descriptions will be given as to an example of operations of the fixing device 200A in the fixing process
according to the embodiment of the present invention. Fig. 23 is a flowchart of exemplary operations of the image forming
apparatus 100 in the fixing process. As illustrated in Fig. 23, in step S10, when the image forming apparatus 100 is
powered on, a warm-up operation is started. In step S11, the control unit 250 sets the lighting mode for the fixing device
200A to the series lighting mode. Specifically, the control unit 250 turns on the triacs 260, 264, and 266 to subject the
flat heater 220 and the end heater 230 to series lighting.

[0086] After subjecting the flat heater 220 and the end heater 230 to series lighting, in step S12, the control unit 250
determines whether a predetermined period of time has elapsed. When determining that a predetermined period of time
has elapsed, the control unit 250 moves the process to step S13. When not determining that the predetermined period
of time has elapsed, the control unit 250 continues time count until the predetermined period of time has elapsed.
[0087] After lapse of the predetermined period of time, in step S13, the control unit 250 changes the lighting mode for
the fixing device 200A from the series lighting mode to the parallel lighting mode. Specifically, the control unit 250 turns
on the triacs 260, 262, and 266 and turns off the triac 264 to subject the flat heater 220 and the end heater 230 to parallel
lighting.

[0088] In step S14, the control unit 250 determines whether it is the timing for changing the selected duty patterns for
the flat heater 220 and the end heater 230. For example, the control unit 250 determines whether it is the timing for
changing the duty pattern depending on whether one prescribed cycle of the selected duty pattern has been completed.
When determining that it is the timing for changing the duty pattern, the control unit 250 moves the process to step S15.
When not determining that it is the timing for changing the duty pattern, the control unit 250 moves the process to step S20.
[0089] In step S15, the control unit 250 acquires the measured temperature of the end portions of the heating roller
202 measured by the end temperature detection unit 232, and determines whether the acquired measured temperature
of the end portions of the heating roller 202 is equal to or less than a preset reference temperature. The reference
temperature refers to temperature information for use in determining whether the temperature of the end portions of the
heating roller 202 is not lowered to a specific temperature or lower. The reference temperature can be set to an arbitrary
value on the operation screen of the operation display part 70, for example. When determining that the measured
temperature of the end portions of the heating roller 202 is equal to or lower than the reference temperature, the control
unit 250 moves the process to step S16. When determining that the measured temperature of the end portions of the
heating roller 202 has exceeded the reference temperature, the control unit 250 moves the process to step S18.
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[0090] When the measured temperature of the end portions of the heating roller 202 is equal to or lower than the
reference temperature, the control unit 250 sets the lighting mode for the fixing device 200A to the end heat up mode
in step S16. In the end heat up mode, the control unit 250 performs temperature control to preferentially increase the
temperature of the end portions of the heating roller 202 in such a manner that the end heater 230 is set as a main
heater with the largest amount of heat supply to the end portions and the flat heater 220 is set as a sub heater with the
second largest supply to the end portions.

[0091] In step S17, the control unit 250 selects the duty pattern in the end heat up mode according to the results of
comparison between the measured temperature of the central portion of the heating roller 202 measured by the central
temperature detection unit 222 and the preset target temperature of the same. The control unit 250 calculates the
operation amount from the results of calculation in the PI control (refer to Fig. 22), and selects the duty pattern corre-
sponding to the calculated operation amount from the table TB2 shown in Fig. 21.

[0092] For example, the control unit 250 subjects the end heater 230 as the main heater to lighting control in the duty
pattern at the duty ratio of 100%, and subjects the flat heater 220 as the sub heater to lighting control in the duty pattern
at the duty ratio between 33.33% and 80%. When the temperature of the central portion of the heating roller 202 comes
close to the target temperature, the control unit 250 subjects the end heater 230 as the main heater to lighting control
in the duty pattern at the duty ratio between 33.33% and 80%, and turns off the flat heater 220 as the sub heater.
[0093] Meanwhile, when the measured temperature of the end portions of the heating roller 202 has exceeded the
reference temperature, the control unit 250 sets the lighting mode for the fixing device 200A to the flat mode in step S18.
In the flat mode, the control unit 250 performs temperature control to keep uniform the temperature of the heating roller
202 in such a manner that the flat heater 220 is set as a main heater with the least amount of heat supply to the end
portions and the end heater 230 is set as a sub heater with the second least amount of heat supply to the end portions.
[0094] In step S19, the control unit 250 selects the duty pattern in the flat mode according to the result of comparison
between the measured temperature of the central portion of the heating roller 202 measured by the central temperature
detection unit 222 and the preset target temperature of the same. The control unit 250 calculates the operation amount
from the result of calculation in the Pl control (refer to Fig. 22), and selects the duty pattern corresponding to the calculated
operation amount from the table TB1 illustrated in Fig. 20.

[0095] For example, the control unit 250 subjects the flat heater 220 as the main heater to lighting control in the duty
pattern at the duty ratio of 100%, and subjects the end heater 230 as the sub heater to lighting control in the duty pattern
at the duty ratio between 33.33% and 80%. When the temperature of the central portion of the heating roller 202 comes
close to the target temperature, the control unit 250 also subjects the flat heater 220 as the main heater to lighting control
in the duty pattern at the duty ratio between 33.33% and 80%, and turns off the end heater 230 as the sub heater.
[0096] In step S20, the control unit 250 determines whether there is a zero-cross signal. When determining that there
is a zero-cross signal, the control unit 250 moves the process to step S21. When not determining that there is a zero-
cross signal, the control unit 250 continues to monitor for the presence or the absence of a zero-cross signal.

[0097] Instep S21, the control unit 250 determines whether the selected duty pattern for the flat heater 220 is a lighting
pattern (on). When determining that the duty pattern for the flat heater 220 is a lighting pattern, the control unit 250
moves the process to step S22. When not determining that the duty pattern for the flat heater 220 is a lighting pattern,
the control unit 250 moves the process to step S23.

[0098] When the duty pattern for the flat heater 220 is a lighting pattern, the control unit 250 turns on the triacs 260
and 266 to turn on the flat heater 220 in step S22. Meanwhile, when the duty pattern for the flat heater 220 is not a
lighting pattern, the control unit 250 turns off the triacs 260 and 266 to turn off the flat heater 220 in step S23.

[0099] In step S24, the control unit 250 determines whether the selected duty pattern for the end heater 230 is a
lighting pattern. When determining that the duty pattern for the end heater 230 is a lighting pattern, the control unit 250
moves the process to step S25. When not determining that the duty pattern for the end heater 230 is a lighting pattern,
the control unit 250 moves the process to step S26.

[0100] When the duty pattern for the end heater 230 is a lighting pattern, the control unit 250 turns on the triacs 260
and 262 to turn on the end heater 230 in step S25, for example. Meanwhile, when the duty pattern for the end heater
230 is not a lighting pattern, the control unit 250 turns off the triacs 260 and 262 to turn off the end heater 230 in step
S26, for example.

[0101] In step S27, the control unit 250 determines whether the job has been completed. When determining that the
job has been completed, the control unit 250 terminates the series of operations in the image forming process including
the lighting control of the fixing device 200A described above. Meanwhile, when not determining that the job has been
completed, the control unit 250 returns the process to step S14 to repeat the lighting control of the fixing device 200A
described above.

[0102] As described above, according to the first embodiment, the end heat up mode or the flat mode is set depending
on the temperature of the end portions of the heating roller 202, which makes it possible to prevent reduction in the
temperature of the end portions of the heating roller 202 even if the thinned heating roller 202 is used. Accordingly, it is
possible to keep uniform the temperature of the heating roller 202 and reduce temperature ripples on the heating roller
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202. In the end heat up mode during a warming-up or the like, it is preferable to make temperature adjustments while
the heating roller 202 and others are rotated. This makes it possible to increase the temperatures of the central portion
and the end portions of the heating roller 202 in a uniform manner, whereby to enable temperature control of the fixing
device 200A at a higher accuracy.

[0103] In addition, in the first embodiment, one of the heaters is subjected to lighting control at the duty ratio of 100%,
the other heater is subjected to lighting control at a predetermined duty ratio, and as illustrated in Figs. 7 to 13, the
optimum duty patterns are used to subject the flat heater 220 and others to lighting control. This makes it possible to
suppress the occurrence of flickers at a lighting device and the like. In addition, in the end heat up mode and the flat
mode, only one of the heaters is subjected to lighting control at a predetermined duty ratio, which prevents control by
the control unit 250 from being complicated.

<Second Embodiment>

[0104] A second embodiment is different from the fixing device 200A of the first embodiment in that a fixing device
200B is composed of three heaters different in heat distribution. The other components and operations of the image
forming apparatus 100 in the second embodiment are the same as those in the first embodiment. Thus, the same
components in the second embodiment as those in the first embodiment will be given the same reference numerals as
those in the first embodiment, and thus detailed descriptions of the fixing device 200B and others will be omitted.

[Configuration Example of the Fixing Device]

[0105] First, a schematic configuration example of the fixing device 200B will be described. Fig. 24 is a cross-sectional
view showing an exemplary configuration of the fixing device 200B of the second embodiment as seen from the paper
conveying direction D1 side. Fig. 25A is a diagram showing distribution of heat supply amount of the flat heater 220,
Fig. 25B is a diagram showing distribution of heat supply amount of a central heater 240, and Fig. 25C is a diagram
showing distribution of heat supply amount of the end heater 230.

[0106] As illustrated in Fig. 24, the fixing device 200B includes the heating roller 202, the support members 206, the
flat heater 220, the central heater 240, the end heater 230, the central temperature detection unit 222, and the end
temperature detection unit 232. The flat heater 220, the central heater 240, and the end heater 230 are provided within
the heating roller 202.

[0107] The central heater 240 is arranged along the axial direction of the heating roller 202 and is almost identical in
length to the heating roller 202 in the axial direction. The central heater 240 is configured in such a manner that the
distribution of amount of heat supply to an approximately central portion of the heating roller 202 along the longitudinal
side (areas except for the end portions) is the largest. Specifically, as illustrated in Fig. 25B, the amount of heat supply
to the central portion of the heating roller 202 along the longitudinal side is 100%, and the amount of heat supply to the
end portions of the heating roller 202 along the longitudinal side is 30%.

[Example of a Circuit Configuration of the Fixing Device]

[0108] Next, a circuit configuration of the fixing device 200B will be described. Fig. 26 illustrates an example of the
circuit configuration of the fixing device 200B. As illustrated in Fig. 26, the fixing device 200B of the embodiment is
composed of a series-parallel lighting circuit that subjects the flat heater 220, the end heater 230, and the central heater
240 to series lighting, parallel lighting, or single lighting.

[0109] The fixing device 200B includes the alternating-current power source unit 210, the flat heater 220, the end
heater 230, the central heater 240, the control unit 250, and the triacs 260, 262, 264, 266, and 268.

[0110] The triacs 266 and 268 are connected in parallel to a connection point P4 connected to the connection point
P1. The central heater 240 is connected at one end to the triac 266 and connected at the other end to the connection
point P3. The central heater 240 is turned on or off according to a half-wave duty pattern supplied from the control unit
250 via the triac 266 and others. The end heater 230 is connected at one end to the triac 268 and connected at the other
end to the connection point P3. The end heater 230 is turned on and off according to a half-wave duty pattern supplied
from the control unit 250 via the triac 268 and the like.

[Example of Operations of the Fixing Device]
[0111] Figs. 27A and 27B are diagrams for describing an example of operations of the fixing device 200B in the flat
mode. When a warming-up or the like is started, the control unit 250 turns on the triacs 264 and 266. Accordingly, the

flat heater 220 and the central heater 240 are subjected to series lighting as illustrated in Fig. 27A.
[0112] After a predetermined period of time has elapsed since the series lighting, the control unit 250 turns on the
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triacs 260, 262, and 266. Accordingly, the flat heater 220 and the central heater 240 are switched from series lighting
to parallel lighting as illustrated in Fig. 27B. Since the lighting mode is the flat mode at that time, the control unit 250
sets the central heater 240 with the least amount of heat supply to the end portions as a main heater and sets the flat
heater 220 with the second least amount of heat supply to the end portions as a sub heater.

[0113] The control unit 250 subjects the central heater 240 as the main heater to lighting control at the duty ratio of
100%, and subjects the flat heater 220 as the sub heater to lighting control in a duty pattern at a duty ratio between
33.33% and 80%. The control unit 250 also subjects the central heater 240 as the main heater to lighting control in a
duty pattern at a duty ratio between 33.33% and 80% and turns off the flat heater 220 as the sub heater.

[0114] Figs. 28A and 28B are diagram for describing an example of operations of the fixing device 200B in the end
heat up mode. When a warming-up or the like is started, for example, the control unit 250 turns on the triacs 264 and
268. Accordingly, the flat heater 220 and the end heater 230 are subjected to series lighting as illustrated in Fig. 28A.
[0115] After a predetermined period of time has elapsed since the series lighting, the control unit 250 turns on the
triacs 260, 262, and 268. Accordingly, as illustrated in Fig. 28B, the flat heater 220 and the central heater 240 are
switched from series lighting to parallel lighting. Since the lighting mode is the end heat up mode at that time, the end
heater 230 with the largest amount of heat supply to the end portions is set as a main heater, and the flat heater 220
with the second largest amount of heat supply to the end portions is set as a sub heater.

[0116] The control unit 250 subjects the end heater 230 as the main heater to lighting control at a duty ratio of 100%,
and subjects the flat heater 220 as the sub heater to lighting control in a duty pattern at a duty ratio between 33.33%
and 80%. The control unit 250 also subjects the end heater 230 as the main heater to lighting control in a duty pattern
at a duty ratio between 33.33% and 80% and turns off the flat heater 220 as the sub heater.

[0117] As described above, according to the second embodiment, it is possible to produce the same advantages as
those of the first embodiment. In addition, according to the second embodiment, the central heater 240 is added to allow
finer temperature adjustments with the three heaters.

<Third Embodiment>

[0118] A third embodiment is different from the first and second embodiments in that the temperature of the end
portions of the heating roller 202 is not detected by the end temperature detection unit 232 but is estimated from the off
times of the heaters to decide lighting control of the heaters. A fixing device 200C in the third embodiment is configured
in the same manner as the first embodiment except for the absence of the end temperature detection unit 232, and thus
the same components in the third embodiment as those in the firstembodiment will be given the same reference numerals
as those in the first embodiment, and thus detailed descriptions thereof will be omitted.

[0119] Fig. 29 is a flowchart of exemplary operations by the fixing device 200C according to the third embodiment of
the present invention. The lighting control of the flat heater 220 and others except for step S35 is the same as that of
the flat heater 220 and others in steps S10 to S14 and S16 to S27 in the first embodiment, and thus detailed descriptions
thereof will be omitted.

[0120] In step S35, the control unit 250 determines whether a predetermined period of off time of the flat heater 220
and the end heater 230 (hereinafter, referred to as the flat heater 220 and others) has elapsed. The flat heater 220 and
others are turned off when the operation mode is switched to a low-power mode (energy-saving mode) or the like, for
example. The control unit 250 counts and calculates the off time of the flat heater 220 and others and compares the
calculated off time with a preset reference off time.

[0121] When the off time of the flat heater 220 and others is longer than the reference off time, the control unit 250
estimates that a predetermined period of off time of the flat heater 220 and others has continuously elapsed and the
temperature of the end portions of the heating roller 202 is lowered, and then moves the process to step S36. Meanwhile,
when the off time of the flat heater 220 and others is equal to or shorter than the reference off time, the control unit 250
estimates that a predetermined period of off time of the flat heater 220 and others has elapsed and the temperature of
the end portions of the heating roller 202 is not lowered, and then moves the process to step S38.

[0122] When the off time of the flat heater 220 and others is longer than the reference off time, the control unit 250
sets the lighting mode of the fixing device 200C to the end heat up mode in step S36. In the end heat up mode, the
control unit 250 subjects the flat heater 220 to lighting control in a duty pattern at a duty ratio between 33.33% and 80%
or turns off the flat heater 220, and subjects the end heater 230 to lighting control in a duty pattern at a duty ratio between
33.33% and 100%.

[0123] Meanwhile, when the off time of the flat heater 220 and others is equal to or less than the reference off time,
the control unit 250 sets the lighting mode of the fixing device 200C to the flat mode in step S38. In the flat mode, the
control unit 250 subjects the flat heater 220 to lighting control in a duty pattern at a duty ratio between 33.33% and 100%
and subjects the end heater 230 to lighting control in a duty pattern at a duty ratio between 33. 33% and 80% or turns
off the end heater 230.

[0124] As described above, according to the third embodiment, even when the end temperature detection unit 232 is
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not provided, the temperature of the end portions of the heating roller 202 is estimated from the off time of the flat heater
220 and others, thereby allowing correct and high-accuracy temperature control. In addition, since the fixing device 200C
does not need the end temperature detection unit 232, the fixing device 200C can be provided in a simpler configuration
and at lower costs.

<Fourth Embodiment>

[0125] A fourth embodiment is different from the first and second embodiments in that the temperature of the end
portions of the heating roller 202 is not detected by the end temperature detection unit 232 but is estimated from the off
time of the heaters to decide lighting control of the heaters. A fixing device 200D in the fourth embodiment is configured
in the same manner as the first embodiment except for the absence of the end temperature detection unit 232, and thus
the same components in the fourth embodiments as those in the first embodiment will be given the same reference
numerals as those in the first embodiment, and thus detailed descriptions thereof will be omitted.

[0126] Fig. 30is a flowchart of exemplary operations of the fixing device 200D in the fourth embodiment of the present
invention. The lighting control of the flat heater 220 and others except for step S55 is the same as that of the flat heater
220 and others in steps S10 to S14 and S16 to S27 in the first embodiment, and thus detailed descriptions thereof will
be omitted.

[0127] In step S55, the control unit 250 determines whether on time of the flat heater 220 and others is equal to or
shorter than a predetermined period of time. The flat heater 220 and others are turned on in the flat mode or the end
heat up mode, for example. The control unit 250 counts and calculates the on time of the flat heater 220 and others in
the flat mode or the end heat up mode, and compares the calculated on time with a preset reference on time.

[0128] When the on time of the flat heater 220 and others is equal to or shorter than the reference on time, the control
unit 250 estimates that the temperature of the end portions of the heating roller 202 is lowered, and then moves the
process to step S56. Meanwhile, when the on time of the flat heater 220 and others is longer than the reference off time,
the control unit 250 estimates that the temperature of the end portions of the heating roller 202 is not lowered, and then
moves the process to step S58.

[0129] When the on time of the flat heater 220 and others is shorter than the reference on time, the control unit 250
sets the lighting mode of the fixing device 200D to the end heat up mode in step S56. In the end heat up mode, the
control unit 250 subjects the flat heater 220 to lighting control in a duty pattern at a duty ratio between 33.33% and 80%
or turns off the flat heater 220, and subjects the end heater 230 to lighting control in a duty pattern at a duty ratio between
33.33% and 100%.

[0130] Meanwhile, when the on time of the flat heater 220 and others is longer than the reference on time, the control
unit 250 sets the lighting mode of the fixing device 200D to the flat mode in step S58. In the flat mode, the control unit
250 subjects the flat heater 220 to lighting control in a duty pattern at a duty ratio between 33.33% and 100% and subjects
the end heater 230 to lighting control in a duty pattern at a duty ratio between 33.33% and 80% or turns off the end
heater 230.

[0131] As described above, according to the fourth embodiment, even when the end temperature detection unit 232
is not provided, the temperature of the end portions of the heating roller 202 is estimated from the on time of the flat
heater 220 and others, thereby allowing correct and high-accuracy temperature control. In addition, since the fixing
device 200D does not need the end temperature detection unit 232, the fixing device 200D can be provided in a simpler
configuration and at lower costs. In this example, during a printing job or a warming-up, the flat mode and the end heat
up mode can be alternated in a period of one minute.

<Fifth Embodiment>

[0132] A fifth embodiment is different from the first to fourth embodiments in that lighting control of the heaters is
decided not according to the detection by the end temperature detection unit 232 but according to the size of the paper
P. A fixing device 200E in the fifth embodiment is configured in the same manner as the first embodiment except for the
absence of the end temperature detection unit 232, and thus the same components in the fifth embodiment as those in
the first embodiment will be given the same reference numerals as those in the first embodiment, and thus detailed
descriptions thereof will be omitted.

[0133] Fig. 31 is a flowchart of exemplary operations of the fixing device 200D in the fifth embodiment of the present
invention. The lighting control of the flat heater 220 and others except for step S75 is the same as that of the flat heater
220 and others in steps S10 to S14 and S16 to S27 in the first embodiment, and thus detailed descriptions thereof will
be omitted.

[0134] In step S75, the control unit 250 determines whether the size of the paper P on which an image is to be formed
is equal to or smaller than a preset reference paper size. In this example, the reference paper size is a small size of
A4S, for example. The size information of the paper P may be acquired from job information on the operation display
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part 70 or the like or acquired through detection by a sensor or the like. When determining that the size of the paper P
is equal to or smaller than the preset reference paper size, the control unit 250 moves the process to step S76. When
determining that the size of the paper P is larger than the preset reference paper size, the control unit 250 moves the
process to step S78.

[0135] When the size of the paper P is equal to or smaller than the reference paper size, the control unit 250 sets the
operation mode to the flat mode in step S76. This is because, in the case of the small-sized paper P, the end portions
of the heating roller 202 are non-paper feed areas and thus there is less need to increase the temperature of the end
portions of the heating roller 202. In the flat mode, the control unit 250 subjects the flat heater 220 to lighting control in
a duty pattern at a duty ratio between 33.33% and 100%, and subjects the end heater 230 to lighting control in a duty
pattern at a duty ratio between 33.33% and 80% or turns off the end heater 230.

[0136] Meanwhile, when the size of the paper P is larger than the reference paper size, the control unit 250 sets the
operation mode to the end heat up mode in step S78. In the end heat up mode, the control unit 250 subjects the flat
heater 220 to lighting control in a duty pattern at a duty ratio between 33.33% and 80% or turns off the flat heater 220,
and subjects the end heater 230 to lighting control in a duty pattern at a duty ratio between 33.33% and 100%.

[0137] As described above, according to the fifth embodiment, it is possible to produce the same advantages as those
in the first embodiment. In addition, according to the fifth embodiment, it is possible to select the optimum lighting mode
according to the size of the paper P. This allows energy saving in the fixing device 200D in a more effective manner.

<Sixth Embodiment>

[0138] A sixth embodiment is different from the first to fifth embodiments in that the temperature of the end portions
of the heating roller 202 is not detected by the end temperature detection unit 232 but is estimated from the temperature
of the central portion of the same to decide lighting control of the heaters. A fixing device 200F in the sixth embodiment
is configured in the same manner as the image forming apparatus 100 described in the first embodiment except for the
absence of the end temperature detection unit 232, and thus the same components in the six embodiment as those in
the first embodiment will be given the same reference numerals as those in the first embodiment, and thus detailed
descriptions thereof will be omitted.

[0139] Fig. 32 is a flowchart of exemplary operations of the fixing device 200F according to the sixth embodiment of
the present invention. The lighting controls of the flat heater 220 and others except for step S95 is the same as that of
the flat heater 220 and others in steps S10 to S14 and S16 to S27 in the first embodiment, and thus detailed descriptions
thereof will be omitted.

[0140] In step S95, the central temperature detection unit 222 detects the temperature of the central portion of the
heating roller 202. The control unit 250 acquires the temperature of the central portion of the heating roller 202 detected
by the central temperature detection unit 222, and determines whether the temperature of the central portion of the
heating roller 202 is equal to or lower than a preset target temperature. The target temperature is setto 20°C, for example,
and is recorded in advance in the memory 254. The target temperature can be set to an arbitrary temperature by the
user on the setting screen of the operation display part 70.

[0141] When the temperature of the central portion of the heating roller 202 is equal to or lower than the target
temperature, the control unit 250 estimates that the temperature of the end portions of the heating roller 202 is lowered
as well as the temperature of the central portion of the heating roller 202, and then moves the process to step S96.
Meanwhile, when the temperature of the central portion of the heating roller 202 is higher than the target temperature,
the control unit 250 estimates that the temperature of the end portions of the heating roller 202 is not lowered, that is,
the temperature of the heating roller 202 is kept uniform, and moves the process to step S98.

[0142] When the temperature of the central portion of the heating roller 202 is equal to or lower than the target
temperature, the control unit 250 sets the lighting mode of the fixing device 200F to the end heat up mode in step S96.
In the end heat up mode, the control unit 250 subjects the flat heater 220 to lighting control in a duty pattern at a duty
ratio between 33.33% and 80% or turns off the flat heater 220, and subjects the end heater 230 to lighting control in a
duty pattern at a duty ratio between 33.33% and 100%.

[0143] Meanwhile, when the temperature of the central portion of the heating roller 202 is higher than the target
temperature, the control unit 250 sets the lighting mode of the fixing device 200F to the flat mode in step S98. In the flat
mode, the control unit 250 subjects the flat heater 220 to lighting control in a duty pattern at a duty ratio between 33.33%
and 100% and subjects the end heater 230 to lighting control in a duty pattern at a duty ratio between 33.3% and 80%
or turns off the end heater 230.

[0144] As described above, according to the sixth embodiment, it is possible to produce the same advantages as
those of the first embodiment. In addition, according to the sixth embodiment, even when the end temperature detection
unit232is not provided, the temperature of the end portions of the heating roller 202 can be estimated from the temperature
of the central portion of the same. This allows the optimum lighting control of the heaters in a simpler device configuration
and at lower costs.
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[0145] The technical scope of the present invention is not limited by the foregoing embodiments but includes various
modifications of the foregoing embodiments without deviating from the gist of the present invention. In the foregoing
embodiments, the present invention is applied to the image forming apparatus 100 configured to form color images.
However, the present invention is also applicable to an image forming apparatus configured to form black-and-white
images. In addition, the fixing device 200A and others are provided with the control unit 250. Alternatively, the control
unit 250 is configured separately from the fixing device 200A and others within the image forming apparatus 100.
[0146] Accordingto an embodiment of the present invention, based on the temperature of the end portions of the roller
in the longitudinal side, one of the heaters is subjected to full-lighting control and the other heater is subjected to lighting
control in a pattern at a predetermined duty ratio, or one of the heaters is subjected to lighting control in a pattern at a
predetermined duty ratio and the other heater is turned off. This makes it possible to keep the temperature of the roller
uniform in an effective manner and reduce a control load during lighting control.

[0147] Although the present invention has been described and illustrated in detail, it is clearly understood that the
same is by way of illustrated and example only and is not to be taken by way of limitation, the scope of the present
invention being interpreted by terms of the appended claims.

Claims
1. Afixing device (200) comprising:

aroller (202) that fixes an image onto paper;

a plurality of heaters (220, 230) that is provided within the roller (202) and is configured to be different in
distribution of heat supply amount along a longitudinal side of the roller (202);

a temperature detection unit (222) that detects the temperature of the roller (202); and

a control unit (250) that performs lighting control on the heaters (220, 230) in patterns of half-wave cycles of an
alternating-current power source according to results of the detection by the temperature detection unit (222),
characterized in that

when the temperature detection unit (222) detects that the temperature of end portions of the roller (202) along
the longitudinal side is lower than a preset reference temperature, the control unit (250) performs full-lighting
control on the heater with the largest amount of heat supply to the end portions of the roller (202), out of the
plurality of heaters (220, 230), and performs lighting control on the heater with the second largest amount of
heat supply to the end portions of the roller (202), out of the plurality of heaters (220, 230), in a pattern at a
predetermined duty ratio, or performs lighting control on the heater with the largest amount of heat supply to
the end portions of the roller (202), out of the plurality of heaters (220, 230), in a pattern at a predetermined
duty ratio, and turns off the heater with the second largest amount of heat supply to the end portions of the roller
(202), out of the plurality of heaters (220, 230).

2. The fixing device (200) according to claim 1, characterized in that
when the temperature detection unit (222) detects that the temperature of the end portions of the roller (202) along
the longitudinal side is higher than the reference temperature, the control unit (250) performs full-lighting control on
the heater with the least amount of heat supply to the end portions of the roller (202), out of the plurality of heaters
(220, 230), and performs lighting control on the heater with the second least amount of heat supply to the end
portions of the roller (202), out of the plurality of heaters (220, 230), in a pattern at a predetermined duty ratio, or
performs lighting control on the heater with the least amount of heat supply to the end portions of the roller (202),
out of the plurality of heaters (220, 230), in a pattern at a predetermined duty ratio, and turns off the heater with the
second least amount of heat supply to the end portions of the roller (202), out of the plurality of heaters (220, 230).

3. Afixing device (200) comprising:

aroller (202) that fixes an image onto paper;

a plurality of heaters (220, 230) that is provided within the roller (202) and is configured to be different in
distribution of heat supply amount along a longitudinal side of the roller (202);

a temperature detection unit (222) that detects the temperature of the roller (202); and

a control unit (250) that performs lighting control on the heaters (220, 230) in patterns of half-wave cycles of an
alternating-current power source according to results of the detection by the temperature detection unit (222),
characterized in that

when the temperature detection unit (222) detects that the temperature of the end portions of the roller (202)
along the longitudinal side is higher than a preset reference temperature, the control unit (250) performs full-
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lighting control on the heater with the least amount of heat supply to the end portions of the roller (202), out of
the plurality of heaters (220, 230), and performs lighting control on the heater with the second least amount of
heat supply to the end portions of the roller (202), out of the plurality of heaters (220, 230), in a pattern at a
predetermined duty ratio, or performs lighting control on the heater with the least amount of heat supply to the
end portions of the roller (202), out of the plurality of heaters (220, 230), in a pattern at a predetermined duty
ratio, and turns off the heater with the second least amount of heat supply to the end portions of the roller (202),
out of the plurality of heaters (220, 230).

The fixing device (200) according to claim 3, characterized in that

when the temperature detection unit (222) detects that the temperature of the end portions of the roller (202) along
the longitudinal side is lower than the reference temperature, the control unit (250) performs full-lighting control on
the heater with the largest amount of heat supply to the end portions of the roller (202), out of the plurality of heaters
(220, 230), and performs lighting control on the heater with the second largest amount of heat supply to the end
portions of the roller (202), out of the plurality of heaters (220, 230), in a pattern at a predetermined duty ratio, or
performs lighting control on the heater with the largest amount of heat supply to the end portions of the roller (202),
out of the plurality of heaters (220, 230), in a pattern at a predetermined duty ratio, and turns off the heater with the
second largest amount of heat supply to the end portions of the roller (202), out of the plurality of heaters (220, 230).

The fixing device (200) according to any one of claims 1 to 4, characterized in that

the temperature detection unit (222) detects the temperature of a central portion of the roller (202),

the fixing device (200) further includes an end temperature detection unit (222) that detects the temperature of the
end portions of the roller (202) along the longitudinal side, and

the control unit (250) selects the lighting control to be executed when the temperature of the end portions of the
roller (202) is lower than the reference temperature or the lighting control to be executed when the temperature of
the end portions of the roller (202) is higher than the reference temperature, according to the result of the detection
by the end temperature detection unit (222).

The fixing device (200) according to any one of claims 1 to 4, characterized in that

the temperature detection unit (222) detects the temperature of the central portion of the roller (202), and

the control unit (250) estimates the temperature of the end portions of the roller (202) from off time during which the
heater is turned off, and selects the lighting control to be executed when the temperature of the end portions of the
roller (202) is lower than the reference temperature or the lighting control to be executed when the temperature of
the end portions of the roller (202) is higher than the reference temperature, according to the result of the estimation.

The fixing device (200) according to any one of claims 1 to 4, characterized in that

the temperature detection unit (222) detects the temperature of the central portion of the roller (202), and

the control unit (250) estimates the temperature of the end portions of the roller (202) from on time during which the
heater is turned on, and selects the lighting control to be executed when the temperature of the end portions of the
roller (202) is lower than the reference temperature or the lighting control to be executed when the temperature of
the end portions of the roller (202) is higher than the reference temperature, according to the result of the estimation.

The fixing device (200) according to any one of claims 1 to 4, characterized in that

the temperature detection unit (222) detects the temperature of the central portion of the roller (202), and

the control unit (250) selects the lighting control to be executed when the temperature of the end portions of the
roller (202) is lower than the reference temperature or the lighting control to be executed when the temperature of
the end portions of the roller (202) is higher than the reference temperature, according to the result of the estimation,
according to the size of paper on which an image is to be formed.

The fixing device (200) according to any one of claims 1 to 4, characterized in that

the temperature detection unit (222) detects the temperature of the central portion of the roller (202), and

the control unit (250) estimates the temperature of the end portions of the roller (202) from the temperature of the
central portion of the roller (202) detected by the temperature detection unit (222), and selects the lighting control
to be executed when the temperature of the end portions of the roller (202) is lower than the reference temperature
or the lighting control to be executed when the temperature of the end portions of the roller (202) is higher than the
reference temperature, according to the result of the estimation.

The fixing device (200) according to any one of claims 1 to 9, characterized in that, in lighting of the plurality of
heaters (220, 230), the control unit (250) subjects the plurality of heaters (220, 230) to series lighting and then
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subjects the plurality of heaters (220, 230) to parallel lighting.
11. An image forming apparatus (100) comprising:

an image forming part (10) that forms an image on paper; and
the fixing device (200) that fixes the image formed by the image forming part onto the paper according to any
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